Procedure. Glucose was added to the synthetic medium to give a final concentration of 1 mg per ml. The E. coli was subcultured for 24 hr in beef heart infusion broth (Difco). The organisms were removed by centrifugation, washed twice with isotonic saline and suspended in isotonic saline. One loopful of this suspension was added to each tube and the optical density at 540 m, was determined at intervals.' The sugar analogues were added in ratios to glucose of 10:1, 1:1 and 1 :10.
RESULTS
None of the hexose analogues proved capable of supporting the growth of E. coli when provided as the sole source of carbon at a concentration of 1 mg/ml. Significant inhibition of growth in the presence of glucose was observed with 2-desoxyglucose and glucosamine at ratios of 10:1, analogue:glucose (table 1) . At a ratio of 1:1 no inhibition was evident with 2-desoxyglucose and growth stimulation was observed with glucosamine. 2-Desoxyglucose was also found to inhibit growth in the presence of fructose at a ratio of 10:1, analogue:fructose, to a degree at least as great and perhaps greater than in the presence of glucose (table 2) .
DISCUSSION
Of the many sugar analogues tested by the Franklin Institute workers only two substituted derivatives have proved active as glucose antagonists (Woodward et al., 1953) . 2-Desoxyglucose and glucosamine have been demonstrated to be inhibitors of yeast growth and animal tumors (Ball et al., 1957; Ely, 1954; Sokoloff et al., 1955) . These two compounds have also been shown to inhibit glycolysis in tissue slices (Woodward and Cramer, 1952a, b) and tumor cells (Yushok and Batt, 1957) . In the E. coli strain used here, in agreement with the above observations, only 2-desoxyglucose and glucosamine have shown inhibitory activity, but in concentrations far in excess of those required to inhibit yeast growth. In E. coli, as has been reported for yeast, glucosamine in high concentration inhibits growth, but in low concentrations stimulates growth. It has been suggested that this phenomenon results from the ability of the organism to utilize small quantities of glucosamine as a nitrogen source, whereas at higher concentrations its glucose HEXOSE ANALOGUES AND GROWTH OF E. COLI antimetabolite activity is manifested (Woodward et al., 1953) .
3-0-Methyl-D-glucose and 3-0-methyl-D-fructose have been demonstrated to support growth in certain strains of E. coli (Hurlock and Tosic, 1951) and recently the failure to recover quantitatively in the urine of rats 3-0-methyl-D-glucose administered orally has been attributed to metabolism of this sugar in the rat's gastrointestinal tract by E. coli (Csaky and Glenn, 1957) .
Our strain was unable to utilize these sugars at concentrations of 1 mg per ml sufficiently to support growth. The mechanism of action of 2-desoxyglucose remains uncertain. Observations of its ability to inhibit glucose utilization in the intact yeast cell when compared to its inhibitory activity in cell free yeast extract has suggested an action at the cell membrane (Cramer and Woodward, 1952) . Inhibition of hexokinase has been suggested in view of the known phosphorylation of 2-desoxyglucose (Sols and Crane, 1954) and its competition with glucose and fructose in a hexokinase system in vitro (Woodward and Hudson, 1955) . Wick has provided evidence that 2-desoxyglucose acts at the hexosephosphoisomerase level, although suggesting that accumulation of glucose-6-phosphate by this action might also result in hexokinase inhibition . Yushok's observation of the ability of 2-desoxyglucose to inhibit fructolysis more than glucolysis in Krebs carcinoma cells (Yushok and Batt, 1957) and our observation of definite inhibition of growth in the presence of fructose as well as glucose would be more compatible with an inhibitory mechanism at the cell membrane or hexokinase level, for it is difficult to envision a mechanism by which phosphohexoseisomerase inhibition could effect fructose breakdown, unless one postulated that the resultant accumulation of glucose-6-phosphate in turn inhibited the hexokinase involved in the phosphorylation of both fructose and glucose.
SUMMARY
The ability of a series of hexose analogues to support the growth of E. coli when serving as a sole source of carbon and in the presence of glucose and fructose has been investigated.
2-Desoxyglucose and glucosamine have been SCHICK, LANDAU, AND TSCHUDY found to inhibit growth at high concentrations and glucosamine to stimulate growth at low concentration. None of the analogues tested at concentrations of 1 mg per ml supported growth when present as the sole source of carbon. The significance of these observations is discussed.
